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(57) ABSTRACT

A turbojet includes an intermediate casing outer shroud con-
nected to a front suspension and a primary structure con-
nected to a rear suspension; the shroud and the primary struc-
ture are held in a coaxial relationship by arms with at least
some of the arms being shaped and/or arranged to deform in
response to thrust from the turbojet by creating a deforming
torque between the shroud and the primary structure in oppo-
sition to opposing stress generated by the thrust.

13 Claims, 3 Drawing Sheets
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LATERAL TURBOJET IMPROVED IN ORDER
TO LIMIT THE DEFORMATION THEREOF

The invention relates to a two-stream turbojet attached to
the side of a fuselage. It relates more particularly to an
improvement in the connection between the intermediate cas-
ing and the primary structure carrying the propulsion cham-
ber, the compressors, and the turbines, in order to limit defor-
mation of the turbojet as a whole under the effect mainly of
the thrust that it generates and possibly also of thermal
stresses. This serves to improve the performance of the tur-
bojet.

In an airplane fitted with side-mounted turbojets, each
turbojet is attached to the fuselage by two longitudinally
spaced apart suspensions: a front suspension attaching the
outer shroud of the intermediate casing to the fuselage; and a
rear suspension attaching the rear of the primary propulsion
structure to the same fuselage. This primary structure is itself
attached to the outer shroud of the intermediate casing by
radial arms.

FIG. 1 is a diagram showing this type of mounting. There
can be seen the fuselage 10 of the airplane carrying a turbojet
11. The turbojet comprises the fan 12 with the intermediate
casing outer shroud 13, the casing of the primary structure 15,
the front suspension 17, and the rear suspension 19. The rear
suspension 19 is attached to a rigid rear fairing of the fan,
commonly known as an outer fan duct (OFD) 21 that channels
the secondary stream and that extends as far as the interme-
diate casing outer shroud 13 to which it is fastened. Further-
more, the rear of the OFD 21 is attached to the rear of the
primary structure 15 by links that 25 that extend radially
through the OFD.

In FIG. 2, arrows F1-F4 represent the various forces that
are generated under the effect of the axial thrust of the engine.
In particular, it can be seen that there is a lever arm between
the axis along which the thrust (F1) of the turbojet is applied
and the points of fastening of the front suspension 17. This
configuration is responsible for a deformation phenomenon
in which the turbojet as a whole takes on a “banana” shape, as
shown diagrammatically. Stresses of thermal origin generally
worsen this phenomenon. Curved arrow F5 symbolizes the
bending moment generated on the turbojet that leads to it
being deformed into a banana-shape. This is generally rem-
edied by reinforcing the stiffness of the OFD, thus making it
possible to obtain good leakage performance at the tips of the
rotor blades. Nevertheless, having an OFD that is too rigid
leads to a structure that is heavier, and above all it leads to
loads that are very great in the event of a blade being lost.

The invention seeks to remedy all of those problems.

The invention firstly provides a two-stream turbojet for
attaching laterally to the fuselage of an airplane via two
longitudinally spaced apart suspensions comprising a front
suspension and a rear suspension, each turbojet being the type
comprising an intermediate casing outer shroud attached to
said front suspension and a propulsion primary structure
attached to said rear suspension, said intermediate casing
outer shroud and said primary structure being held in a
coaxial relationship by a set of arms, each arm having a right
section that is hollow and being fastened by its ends to said
shroud and to said primary structure, the turbojet being char-
acterized in that at least some of the arms are shaped and/or
arranged so as to deform in response to the thrust from the
turbojet by creating a deforming torque between said shroud
and said primary structure, the deforming torque having a
direction opposite to the stress that is generated under the
effect of the same turbojet thrust by the lever arm between the
thrust axis and said front suspension.
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The primary structure is attached to the rear suspension
either directly or else via the OFD.

In certain embodiments, such an arm is arranged to provide
coupling between shear and twisting so that the center of
torsion of a right section of said arm is situated outside a
midplane of the arm, on the side opposite from said front
suspension relative to said midplane. Said “center of torsion”
is defined below.

More precisely, such an arm may be open or it may include
a slot extending laterally from the shroud to the primary
structure.

Inanother embodiment, such an arm has a right section that
is asymmetrical. For example, said section may be approxi-
mately trapezoidal. Under such circumstances, it is advanta-
geous for said arm to be associated with a fairing for improv-
ing its streamlining.

In another possible embodiment, certain arms of such a
turbojet extend radially in line with attachment points of said
front suspension, while the other arms extend parallel to a
corresponding radial direction on the other sides of'this radial
direction relative to said attachment points.

The invention also provides a subassembly constituting a
turbojet intermediate casing including in particular the
above-specified outer shroud and the arms for connection to
said primary structure having the characteristics defined
above.

The invention can be better understood and other advan-
tages thereof appear more clearly in the light of the following
description of several embodiments in accordance with its
principle, given purely as examples and made with reference
to the accompanying drawings, in which:

FIGS. 1 and 2 are diagrammatic views as described above
showing the prior art and its problems;

FIG. 3 shows the mounting between the outer shroud of the
intermediate casing and stationary elements of the primary
structure of the turbojet, in accordance with the invention;

FIG. 4 is a diagram showing the attachment between the
outer shroud and the fuselage of the airplane;

FIG. 5 is a right section of an arm of FIG. 3;

FIG. 6 is a right section analogous to that of FIG. 5, show-
ing a variant of the arm; and

FIG. 7 is a view analogous to FIG. 4 showing yet another
variant.

With reference more particularly to FIGS. 3 to 5, there can
be seen a stationary structural portion 30 of a turbojet that is
attached to the fuselage 10 and that is situated in the vicinity
of' the rear portion of the intermediate casing. This structural
portion has an axis X. The thrust from the turbojet acts along
the axis X. More particularly, there can be seen the attachment
of the outer shroud of the intermediate casing 13 to the fuse-
lage via the front suspension 17. The outer shroud of the
intermediate casing is provided with radial arms 35a-35/(six
arms that are regularly spaced apart circumferentially in this
example) that extend mainly within the passage 38 for the
cold secondary stream and that also extend into the inter-
passage space 40 as defined between the inter-passage casing
42 and the hub 43 acting as a support for the front portion of
the turbojet. The assembly comprising the inter-passage cas-
ing 42 and the hub 43 forms a part of the “primary” structure
15 of' the turbojet. The outer shroud of the intermediate casing
13 has two connection plates 46 and 47 for connection to a
front suspension for fastening along the fuselage of the air-
plane. These two plates lie at the ends of two adjacent radial
arms 35a, 355.

From a mechanical point of view, the arms 35a-35/may be
considered as being “beams” embedded in the shroud 13.
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Each arm has an almond-shaped right section that is hollow
and is symmetrical about its midplane P containing the axis
X.

According to the invention, at least some of the arms are
shaped and/or arranged to deform, in particular in response to
the thrust from the turbojet, by creating a deforming torque
between said outer shroud 13 and said primary structure 15,
the deforming torque being in a direction opposing the stress
that is generated under the effect of that turbojet thrust by the
lever arm between the engine axis and said front suspension,
as represented by the curved arrow F5 in FIG. 2.

In the example described, the center of torsion O in a right
section of any one of the arms 35a-35f"1s defined as being the
point where no moment is generated when a force is applied
along the direction of the engine axis X. This force is gener-
ated by the thrust from the turbojet itself.

Conventionally, the symmetrical right section of such an
arm is closed so that is center of torsion lies at the center of the
closed right section.

In the above-defined example, the invention may also be
characterized in that such an arm 35a-35f is arranged to
provide coupling between shear and twisting so that the cen-
ter of torsion O of a right section of the arm lies outside the
midplane P of said arm, on the side remote from said front
suspension relative to the front suspension 17, relative to this
same midplane, containing the radial axis Y passing through
the middle of the arm.

In order to offset the center of torsion O outwards in the
desired direction, as shown in FIG. 3, and without necessarily
changing the shape of the section, it suffices for such an arm
to have a slot 394-39f'in one of its faces and extending from
the shroud to the primary structure. In other words, the arm
has a C-shaped right section that is open to a greater or lesser
extent in order to define said slot.

Itis of interest to observe that in order to obtain the deform-
ing stress that is capable of best opposing the force tending to
give rise to the “banana-shaped” deformation of the turbojet
as a whole between its attachment points 17 and 19, use is
made of the same causes that give rise to such deformation,
namely the thrust from the turbojet and thermal stresses.

The lateral slot 39 (preferably for any of the arms) is
formed in a face 49 of the arm in a plane that is tangential to
the face and that is substantially parallel to the radial plane P
of'the arm containing the axis X of the turbojet and in such a
manner that this open face that contains the slot 39 faces
approximately towards the fuselage, i.e. towards the front
attachment.

By way of example, it can be seen in FIG. 3 that the slots
39a and 395 of the arms 354 and 355 that are attached to the
suspension 17 open so as to face each other, whereas the slots
in the arms 35¢ and 35/ that are radially in alignment there-
with are open in their faces opposite to their faces facing each
other in a circumferential direction. The slots 39¢ and 394 of
the arms 35¢ and 354 also open out towards the attachment
17. All the deformation forces on the arms contribute to
compensating for the forces that tend to give rise to the
“banana-shaped” deformation of the turbojet.

As shown, the slot 394-39f in each arm is closed by an
elastomer seal 51 or the like that has no mechanical function
but that serves to prevent the presence of the slot disturbing
the flow.

The slots may also extend along the extensions of the arms
that are situated between the inter-passage casing 42 and the
hub 43.

Another way of obtaining a comparable result is to give
such an arm 59a-59f a right section that is asymmetrical. For
example, in FIG. 6, this section is approximately trapezoidal.
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Under such circumstances, the face 60 defining the short side
of the trapezoid replaces the face having the slot. In other
words, and with reference to FIG. 3, the trapezoidal sections
should be distributed in analogous manner, i.e. with the nar-
row small faces of the arms taking the places of the split faces.

Advantageously, under such circumstances, such an asym-
metrical arm is associated with a fairing 61, 62, e.g. giving it
a symmetrical almond-shaped section so as to improve its
streamlining. In itself, the fairing is not stiff enough to have
any influence on the position of the center of torsion O.

In another possibility, as shown in FIG. 7, some of the arms
35¢, 35d are offset relative to their usual positions in which
they are strictly radial. For example, it can be seen that each of
these arms extends parallel to a corresponding radial direc-
tion ¢, d (i.e. the position it occupies on FIG. 3) on the other
side of this radial direction relative to the attachment points of
the front suspension 17. In contrast, the arms 35a, 355, 35e¢,
and 35f'that extend radially relative to the attachment points
are not offset.

In this variant, the arms may be of a right section that is
symmetrical and closed. Nevertheless, any of the above-pro-
posed solutions may be combined with one another, i.e. arms
of different types may extend between the outer shroud of the
intermediate casing and of the primary structure.

The invention claimed is:

1. A two-stream turbojet for attaching laterally to a fuse-
lage of an airplane via two longitudinally spaced apart sus-
pensions including a front suspension and a rear suspension,
the turbojet comprising:

an intermediate casing outer shroud attached to the front

suspension; and

a propulsion primary structure attached to the rear suspen-

sion;

the intermediate casing outer shroud and the propulsion

primary structure being held in a coaxial relationship by
a set of arms, each arm including a right section that is
hollow and being fastened by ends thereof to the inter-
mediate casing outer shroud and to the propulsion pri-
mary structure; and

wherein at least some of the arms include a C-shaped right

section defined by a slot extending from the intermediate
casing outer shroud to the propulsion primary structure,
wherein in response to thrust from the turbojet, the
C-shaped right section creates a deforming torque
between the intermediate casing outer shroud and the
propulsion primary structure, the deforming torque hav-
ing a direction opposite to a bending moment that is
generated under effect of the turbojet thrust by a force
reaction couple at a thrust axis and the front suspension.

2. The turbojet according to claim 1, wherein the at least
some of the arms are shaped and/or arranged to provide
coupling between shear and twisting so that a center of torsion
of a right section of the at least some of the arms is situated
outside a midplane of the respective arm, on a side towards an
opposite direction from the front suspension relative to the
midplane.

3. The turbojet according to claim 1, wherein the slot is
closed by an elastomer seal.

4. The turbojet according to claim 1, wherein certain arms
extend radially in line with attachment points of the front
suspension, and other arms extend parallel to a radius of the
propulsion primary structure and the other arms are located,
with respect to the radius, on a side towards an opposite
direction from attachment points of the front suspension.

5. An intermediate casing comprising the intermediate cas-
ing outer shroud and arms configured to connect the interme-
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diate casing outer shroud to the primary propulsion structure,
the intermediate casing being arranged for fitting to a turbojet
according to claim 1.

6. A two-stream turbojet for attaching laterally to a fuse-
lage of an airplane by two longitudinally spaced apart sus-
pensions including a front suspension and a rear suspension,
the turbojet comprising:

an intermediate casing outer shroud attached to the front

suspension and a propulsion primary structure attached
to the rear suspension;

the intermediate casing outer shroud and the propulsion

primary structure being held in a coaxial relationship by
a set of arms, each arm being fastened via ends thereof to
the intermediate casing outer shroud and to the propul-
sion primary structure; and

wherein at least one of the arms is parallel and offset from

a plane passing through a center axis of the propulsion
primary structure to create a deforming torque between
the intermediate casing outer shroud and the propulsion
primary structure, the deforming torque having a direc-
tion opposite to a bending moment that is generated
under effect of the turbojet thrust by a force reaction
couple at a thrust axis and the front suspension.

7. The turbojet according to claim 6, wherein the at least
one arm extends parallel to a corresponding radial direction
on an other side of the radial direction relative to the plane on
a side toward an opposite direction from attachment points of
the front suspension, and wherein other arms of the set of
arms extend radially in line with the attachment points of the
front suspension.

8. The turbojet according to claim 6, wherein each of the
arms includes a right section that is hollow.

9. The turbojet according to claim 6, wherein the arms
include a right section that is symmetrical and closed.

10. A two-stream turbojet for attaching laterally to a fuse-
lage of an airplane via two longitudinally spaced apart sus-
pensions including a front suspension and a rear suspension,
the turbojet comprising:

an intermediate casing outer shroud attached to the front

suspension; and
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a propulsion primary structure attached to the rear suspen-

sion;

the intermediate casing outer shroud and the propulsion

primary structure being held in a coaxial relationship by
a set of arms, each arm including a right section that is
hollow and being fastened by ends thereof to the inter-
mediate casing outer shroud and to the propulsion pri-
mary structure; and

wherein at least some of the arms include an approximately

trapezoidal right section defined by a narrow side and an
opposite wide side extending from the intermediate cas-
ing outer shroud to the propulsion primary structure,
wherein the narrow side is located, with respect to the
opposite wide side, towards attachment points of the
front suspension,

wherein in response to thrust from the turbojet, the

approximately trapezoidal right section creates a
deforming torque between the intermediate casing outer
shroud and the propulsion primary structure, the
deforming torque having a direction opposite to a bend-
ing moment that is generated under effect of the turbojet
thrust by a force reaction couple at a thrust axis and the
front suspension.

11. The turbojet according to claim 10, wherein the at least
some of the arms are associated with respective fairings for
improving streamlining thereof.

12. The turbojet according to claim 10, wherein the at least
some of the arms are shaped and/or arranged to provide
coupling between shear and twisting so that a center of torsion
of a right section of the at least some of the arms is situated
outside a midplane of the respective arm, on a side opposite
on a side towards an opposite direction from the front sus-
pension relative to the midplane.

13. The turbojet according to claim 10, wherein certain
arms extend radially in line with attachment points of the
front suspension, and other arms extend parallel to a radius of
the propulsion primary structure and the other arms are
located, with respect to the radius, on a side towards an
opposite direction from the attachment points of the front
suspension.



